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INFLUENCE OF FOBESTS UPON T m  M E L m O  OF SNOW IN 
THE CASCADE EANQE. 

Compiled by ALFRED A. GRIFFIN, Forat Examiner. 

[Dated: Portland, Orcg., April, 1918.1 

The melting of snow in the forest and in the open has 
been the subject of niuch stud , but without the accumu- 

on the subject. Jaenicke and hers te r ’  found that a 
yellow ine forest a t  the Fort Valley Experiment Station 

to 13 davs after the open became bare. Similar data 
presented in several recent papers by Professor Church, 
of the Mount Rose Observatory, cover more extensive 
studies in the coniferous forests in the Lake Tahoe region 
of western Nevada, and show greater effects. 

In  order to find with some defiiiiteness the effect, if 
any, of forests in represent.ative portions of the Cascade 
Range on the melting of the winter snow cover, the Forest 
Service carried out studies of snow melting on three 
separate watersheds: The Tumalo area in central Oregon, 
the Wind River area in southern washington near the 
Wind River Experiment Station, and the Yakima area 
on the headwaters of that river in central Washington. 
These locat,ions permit the studies to show the value of 
forests to the irngation interests, as well as to furnish 8 
basis for comparmg the effect of forests of this region 
wit.h those of other re ions. 

The studies on the 4 umalo area were carried through 
both the 1916 and 1917 seasons entirely b Forest Exam- 
iner W. J. S roat of the Deschutes d ational Forest; 
those at the #ind River Experiment Station area b the 
writer in 1916, and by Forest Assistant C. J. Kraebdand 
Ranger A. E. Kloe in 1917; and those on the Yakima 
area, carr id  on in 1917 onl , were conducted b De uty 
Supervisor W. F. ~ . m s d d a n d  Itanger W. c?: Hihen, 
b0t.h of the Wenatchee National Forest. In each st.udy 
the de th, density, and distribution of the snow cover 
were o E served throughout the melting season at  8 to 20 
typical observation points or stations. 

lation, in America at least, o 9 any large amount of data 

m nort E ern Arizona retainod a thin layer of snow for 8 

The fiigt and third areas lie on the high eastern slopes 
of the Cascade Range; the Wind River area, however, 
lies in the region of west slope types along the Columbia 
River. The underlying rock is igneous in character and 
principally volcanic, with occasional outcrops of various 
size. Because of their altitude, and the consequently 
high annual procipittltion, these timbered areas are an 
im ortant source of water for the irrigation of the valleys 
begw. Following is a brief description of the individual 
areas on which moasurements were taken. 

Tumalo &eek.-Snow stations lie at  elevations of 
6,000 to 6,800 feet, on the headwaters of a stream already 
furnishing water to a large irrigated area. In  this region 
the average preci itation of 40 to 50 inches occurs 

tions the snow cover may reach a depth of 15 to 25 feet. 
An irrigation reservoir to store the flood wator of this 
creek, and already casting a half million dollars, has so 
far been only artially suooessful. Largo areas of irrigable 

principally in the P orm of snow, and at the hxher eleva- 

land need o J y water to become fertile. 
1 Jaenicke, A. J. and Foerater. M. H. The Muence 01 Western Yellow Plne Forest 

on the Ac~umulahon and Melting of know. YONTELY WEATEER Rwrew, March, 
1015.43: 116. 

Tho forest cover consists principally of broken stands 
of mountain hornlock up to 40 inches D.B.H. and 100 
feet tall, and lodgepole pine averaging 10 inches D.B.H. 
and 60 feet tall, with an occasional western white fir. 
There is sometimes a scatt,ered unde rowth of huckle- 
berry bushes, willow, herbs, etc. TTe soil is a lgh t  
pumice and usually rocky. Open areas are broken up 
with varying ground Cover of grass, down logs, or forest 
reproduction up to 10 feet tall. re 1 shows the 
generally open charactor of niuch of t T e forest and the 
irregular burned over openings, usually but a few acres 
in extent. The study corn ares the snow melting in 

flat at  1,200 feet elevation, and on mountain slo es at  
2,500 to 3,000 feet. The first roup is on a large duvia l  
bench covered with a typical6Pacific slope forest. The 
Douolas firs are from 3 to 6 feet in dinmeter and up to 
200 Feet tall. Some western white pine and grand fir are 
intermixed; western hemlock frequent1 forms a thick . The m0derat.e underbrusi is principally 

cut.t.in s, some of 

stations. The sparse ground cover c0nsist.s of weeds, vine 
ma le and other brush. 

$he mountain slope snow stations are under a slight.ly 
lighter forest cover which contains noble fir in lace of 
tlie grand fir. Thcre are also some led es an$ much 
loose rock in the local “shotJJ loam soil. 5nderbrush is 
but moderately dense and similar to that on the flat. 
Tho unprotect.ed stations are, however, located in a large 
15-year-old burn Tn7hic.h is densely covered with vine 
maple, c.eanothus, spirea, willow, cherry and repro- 
duction. 

Tho climate is generally moist but with a long drou ht 
through the summer, so that irrigation is practiced 5 y 
some of the scattered valle ranches. The maximum 

season, between de ths of 2 to 5 feet and 6 to 12 feet 

makes up by far the greater proportion of tlie total pre- 
cipi t ation. 
Tke Pa7rim.-Stations are located immediately south 

of Lake Keechelus, an im ortnnt irrigation reservoir on 
the headwaters of the Yakma River. The sites chosen 
are from 2,450 to 3,300 feet) olevation (see Table 3) on 
the oast slope of the Cascade Range near the Stampede 
Tunnel. Annual recipitation is about 50 inche,s, the 
largest part of wfich agadn is snow, accumulating to 
depths of 10 to 15 feet or more. The result.ing wat.er is 
partially but not entirel stored in reservoirs for use on 
the large areas of irrigabro land in the lower valley. Any 
influence which will retard the melting will increase the 
efficacy of these reservoirs and make possible a more 
com lote utilization of this snow water. 

Tge forest cover is largely wostern hemlock, Douglas 
fir, western white pine, and some western red cedar, and 
is ver similar to the Pacific slope forests. The under- 

etc., with some herbs. The soil varies from sandy to 
clay loam and is fre uently rocky. On this area also 

do es, facing mostly toward the east. 
$he “ 0  en” stahons are on old burns and logged-over 

heav mixture of goat brush with huc eberry bushes 

Fi 

these o cnings with that uiir P er the forest cover. 
Tl7i?i a River.--St.ations are in two main groupw On a 

sites for t a e “open” 

depth of snow varies grent 5; y, with the altitude and 

on the flat and the ?l igh slopes, respectively. This snow 

growt E consists of huckleberry, wiUow, alder, vine maple, 

stations were studied B 0th on the flat and on the steep 

and P orest rmroduction UD to 13 feet high. 

areas, wit R ground cover varying from y to a fairly 



M. W. K.. July, 1918. 

FIG. l.--looking northeast m o s s  the north fork of Tumalo Creek. Some dense timber a pears on the left, but most of 
the forest cover is very light. (Photo. by Sproat, Apr. 13, 8316.) 

FIG. 2.-Small mounds of snow beneath the litter fallen from the forest coveT. The unprotected snow has melted much 
morerapidly. (Photo. by Kraebel, May 2,1917.) 
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__ 
P.ct. 

12 Tlunaio, 1916 
Tumalo 1917 ............... 
Winddver 19181 ......... 37 

Yaklma,1917 ............... 12 

Mean ................. 14 

............... 

Wind Rlver: 1917 .......... 8 

Method of observations. 

In  order that the data might be definite and closely 
corn arable, snow stations were located in the open and in 

portant res ecta escept in forest cover. As ect, degree of 

bilities of drifting, and other factors each received careful 
attention. F’requently another pair of stations served as 
a check. 

Snow depths were measured regularly at intervals of 
usually one week or less, from the period of greatest depth 
throughout the duration of the melting season of 9 to 17 
weeks. In  all cases where the snow was less than 5 feet 
deep from two to five or more measurements were taken 
a t  each station to give an average figure for that articular 

station on the other areas. 
The snow density, or water equivalent, was measured 

at  each regular observation close to a t  least four typical 
stations. Both the standard United States Weather 
Bureau apparatus and sampling cans were used for the 
purpose, some difficulties being encountered and others 
avoided by each method. Because of deep snow and un- 
suitable apparatus on the Tumalo area these measure- 
ments were so difficult and irregular that only average 
figures were used. 

Data. 

the P orest in pairs, the two stations being similar in all im- 

slope, and $stance to trees, stumps, edge o P timber, possi- 

site. Permanent aduated stakes marked eac E place of 
measurement on t %l. e Tumalo area and the center of each 

Full reports for each of the studies are available in the 
Forest Service aes. For the sake of brevity and clearness 
the results are given here, summarized b areas studied. 

Tumala-The four pairs of stations o i s  erved on this 
area in the s ring of 1916 were typical of small burns or 

diate borders of the adjacent stands of mature timber. 
The greatest average depth of snow measured in the tim- 
ber was 121.2 inches on April 5, 10 inches less than was 
measured in the open on the same date. On June 22 the 
h t  open station became bare of snow; on July 18 no 
snow was left on any of the stations in the open. As the 
snow disappeared from the individual stations in the open 
there remained at the corresponding forested stations an 
average of 19.3 inches of snow. At an average density of 
45 per cent, this is equal to 8.7 surface inches of water: 
8.1 inches, about 25 per cent, still remained two weeks 
later at the time of the last observation. 

In  the s ring of 1917, with slightly less snow and a 
briefer ni ep ting season, the equivalent of 5.2 inches of 
water was retained by the forest-covered stations after the 
“open” stations became bare; a t  the end of the second 
week all were bare. In  1917 observations included eight 
pairs of stations, the new open stations being in larger 

Openin? Win kver.-The results for 1916 in the densely for- 
ested Wind River region are as follows: From a maxlmum 
average depth of 70.8inches of snow’ an avera e of 38.2 

spondin stations in the open became bare. Part of this 

the forest cover was twice as strong on the deeply snow- 
covered mountain slopes as on the flat. About 66 per 
cent of the maximum water equivalent was conserved on 
the one and 38 per cent on the other. 

In  1917 admnistrative exigencies permitted complete 
examinations of only three pairs of stations on the flat. 

open areas o I from 1 to 4 acres in extent, and the inune- 

inches remained at the forested stations as t I e corre- 

remaine 5 for six weeks longer. The retarding effect of 

I 

a i 3  
I-- 

In. i p.ct. I ............ In. p.ct. 
............ I ...... i .:.. :.. ...... 2 . 1 ;  I :  

8 . 0 ,  31 5 3 21 

1.61 7 ;  0.3 1 

231 9 1  1.1 4 

...... : ................. 

I I  

1 WaWr equivalents are shown in Table 1. 

The maximum average de 
inches. The stations in en became bare in April, 
leaving an a-rerage of 

snow in the forest was 25 

at the stations in the 
forest. This was equal to 3 inches of water, or 40 per cent 
of the masimum water equivalent. 

Yakima area.-The observations on the Yakima water- 
shed cover the melting season of 1917 onl . From a max- 
inium of 88 inches of snow a t  the foreste B stations in earl 
April, there was still an average of 19 inches left at eac 
forested station when the corresponding station in the 
open became bare-about June 1. This snow, equal to 
6.9 inches of water, gradually melted durin the next four 
weeks. (Table 3 shows the results in detai 5 .) 

K 

Correlation of re8ult8. 

Table 1 sumniarizea the water value of the snow cover 
retained by the forested areas. The 7.5 inches of water 
equivalent, found to be the mean for all stations, lasted 
on the average for 17 days and at  some forested stations 

The value of forests ap earn to 
be eatest on Wind iver, and in 1916, probably \ ecause 
for more than 43. 

tle under heavy forest cover, and least on the Tumalo 
area, under the “dry slope’’ conditions. 

TABLE 1.-The water e icalent of Lhe metln depths o j  snow retained by 
the orested stations w g n  the corresponding o en statioir~ becunie bare, 

nicuinum snow uwer.  

’ daii? 
of t T e high mountain slope stations with deep snow man- 

tan d for threr! weeks thereafter, ezpressed k inrfe8 and i n  per cent of the 
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station. 

On other areas this relation is hardly as clear as here 
or as pronounced, though it is evident all through the 
study. 

A&,,' 

TABr , s  2.- I'akima watershi: Deptlrs of &now at stations in the open and 
in the f0rat-~4reragea of ea& and average snow rlensilice .(depths in 
in&). 
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TARLE 3.- khkiina iiutershed snow statWn.8. Influemkg site faelore and 
results upon mow cover. 

Y 

RFR/L MRY JUNE JULY 
Fm. ).-Depth of snow at station in the forest and in the open, Yakims watershed, 1917. 

The curves of figure 3 show graphically for the Yakima 
study the more rapid nielting a t  the o en stations and 

the other areas would tell very much the sanie story. 
The curvm given also bring out the frequently observed 
fact that during the early spring there is a greater depth 
of snow at the stations in the open than at those under 
timber. This condition existed on the other areas ex- 
cepting a t  high altitudes a t  Wind River where dry snow 
m t h  less sunshine seems to have pernlitted a lar er pro- 

the trees. 
Comments. 

The most important weaknesses of this study lie in 
the short eriod covered by the observations-two 

able differences in the site factors of the stations of each . Because of the severe conditions and amount of Pair abor necessarily involved, it quickly appears that a long 
seriea of com lete and accurate observations wi l l  be quite 
expensive. iuch measurements might possibly be made 
in connection with annual snow surveys for irrigation 
purposes. The irregularities in factors of the stations 
are balanced throu h the selection of a considerable 
number of stations 754) in the different regions and by 
three different men. 

Contradictory results ap eared a t  one station: The 

in 1916 in the same week, but at the last measurement 
the open station retained slightly more snow. This may 

the roportion of snow retained at the P orested stations. 
As s R own in Table 1, similar curves drawn for ewh of 

portion of the total snowfall to reach the groun % under 

seasons a t  t ?I e most, and in small practically unavoid- 

lowest pair of stations on t R e Tumalo area became bare 

Pa 
N. 70' E.. . .  
N. 300 E..  .. 
S.W.E.... .  
N. 40' E..  .. 
N.4O.E.. .. 
N.N.E. . . .  
N. Bo' E.  ... 
West ........ 
8.550 w .... 

S . W E  ..... 
1 open. ....................... 
1 forest.. ..................... 
2 open.. ...................... 
a forest.. ..................... 
3 open ........................ 
3 forest.. ..................... 
4 open ........................ 
4 forest ........................ 
5 open ........................ 
6 forest ....................... 
6 npen.. ...................... 
6 forest.. ..................... 
7 open. ....................... 
7 forest.. ..................... 
8 open.. ...................... 
8 forest.. ..................... 
9 open.. ...................... 
9 forest ........................ 
Average. ..................... 

........ 
3 

cu .... ........ 
3 

68 
7? a 

35 

0 
0 .. 

.............. .............. 
N. 55' E . .  .. 
East.. ...... .............. .............. .............. 
North.. ..... 

I 
25 
0 
0 
0 
3 

a7 

...... 
0. 6 ...... 
a 7  

0.8 

aea 

...... 

............... 
IS. 7 3 

28.3 4 

Z43.3 5 

19.0 3.1 

................ 

................ 
.............. I I 

1 On three sides the tlmber cover extends for only about 110 feet from the center of the 
rtatlon. 

Although the study does not show any relation between 
the amount of snow conserved and either altitude, aspect, 
or slope, it appears that the density of forest cover does 
produce a distmct effect. In  Table 4 a grou ing of the 
stations accordin to density of cover into P our classes 
brings out this r e f  ation quite clearly. 

TABLE 4.-Depth of mov consmed by the statwrwr grouped aceording to 
forest cover. 

snow amsirved. 

Inched. I Weeks. 
AVerSge 
forest 

density. 
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have been due partly to its location in an opening of less 
than 125 feet radius, and partly to the location of the 
corresponding forested station less than 100 feet within 
a stand of thm crowned lodgepole pine. Under the latter 
conditions but slight protection IS received from either 
direct sunshine or currents of warm air. A similar state- 
ment holds good for station Q$orest of the Yakima area, 
as shown in Tables 3 and 3. 

Because of defects in the Sam ling tube used, measure- 

for com lete confidence. The linuts of the average ensi- 

to 45 per cent for the last measurements. 
Drifting by the wind was of com aratively small im- 

portance throughout the study. &ry large and deep 
snow drifts occur on comparatively small areas near the 
summit of the Cascade Range, but are not found on the 
middle slopes or on these areas. The lesser blowing and 
drifting of snow, chiefly in the open areas, appears to be 
practically self-coni ensating. 

The results of tfis study are in general accordance 
with Swiss figurea quoted by Fernowl-that the retarda- 
tion of snow melting in forests is 5 to 8 days in general 
and may be several weeks-and also with the above men- 
tioned observations by Church. In  agreement with the 
latter is the tendency of the snow in the forest to be 
deepest and last longest in the small openings of the 
denser forests. This tendency was especially noted on 
the Wind River area and may artly account for the late 
melting of the snow in the s m d  open areas characteristic 

openings the protecting of the Tumalo area. 
influence from the forest wou d be dissipated and melting 

P ment,s of density on the Tum a f  o area were too irre 

ties use s are from 36 per cent in the early measurements 

ar 

In l"$ 

the warmer air currents above the snow. In a more open 
forest this effect is leas prominent. 
An opposing influence appears in the ability of bushes, 

tree trunks, and other large objects to hasten m e l t y b y  
radiatin or reflecting into the snow the heat which t ey 

around trees, etc., are frequent1 noted in the spring. 
receive f rom various sources. Hollows or bare spots 

They seem to be im ortant in a5 coniferous forestis but 
especially in those o P the yellow pine type. 

AppZication of r&. 
Expressed in irrigation terms, the figures given in 

Table 1 mean that on the areas studied the average 
square mile of forest cover retained the equivalent of 
between 720 and 160, averaging 400, acre-feet of water 
in the form of snow after the open areas had become bare. 
Neglecting losses through seepa and eva oration, the 

150 acres of cultivated land for the entire season, or for 
about 650 acres for one month durin the peak of the 

Of course some loss is to be expected in the natural flow 
of the water down to the lower valley; but it will, at a 
time when the und is already saturated, be much less 

water will flow down stream too early to be of greatest 

average of 400 acre-feet is su &- cient suppy P for about 

irrigation season (during the summer. P ow-water period). 

than the norma !i?O loss. It is also probable that some of the 

1 Fernow, B. E., Forest InBuencea, Bull. 7, Div. of Forestry, p. 181. 

use in irrigation. Making considerable allowance for 
these losses, it appears that the forest cover is a very 
important and very valuable factor in increasing water 
available for irrigation. 
In terms of time, the effect of the forests w m  to spread 

the 400 acre-feet of retained snow water through a period 
averaging 17 days in length. The retardation of this 
amount of snow is sufficient to be of great importance to 
irrigation interests, especially as it is r a l l y  under- 
stood that a forest cover tends to " atten out" the 
crest of a flood, and thus to increase the minimum flow 
at periods of low water. A forest cover thus supple- 
ments the possible artificial reservoirs. This study 
furnishes measurements, however, not of stream flow but 
only of the material out of which stream flow is made. 

Summary. 

The study of snow meltin in the o en and in the 

showed that the snow remains an average of 17 days 
lon er in the forest. 

8rifting occurred only on the higher ridges of these 
areas and chiefly in the open, though the late snowbanks 
in the forest had very much the ap earance of drifts. 

and the resulting increased evaporation, the snow cover 
usually reached a depth greater in the open than in the 
forest. 

The depth of snow retained was considerably greater 
in a dense forest than in an open forest, at  least d u m  the 

the snow remainin in t % e forested stations, at  the time 
the open stations kcame bare, was equal to 7.5 surface 
inches of water or about 30 per cent of the niaximum 
snow blanket. With the forest areas a t  higher altitudes 
and with stations located so as to revent completely the 

vice versa, the effect was found to be noticeably greater 
than this. 

forests of three areas on the 8 olumbia 8 iver watershed 

Because of the retention of snow on t %l e crowns of trees 

latter part of the meltin season. For the areas stu % jed, 

influence of open areas on the f orested stations, and 

SNOWFALL ON MOUNT m, WASH. 

By LAWEENCE C. FISHER. 
[Dated: Weather Bureau Offlm, Seattle, Wash., May 24,1918.) 

Mount Rainier, standing to the west of the main ran e 

unobstructed view from the shores of Puget S o u n i  
The low peaks about its base, which were originally a 
part of the mountain before glaciers cut its. flanks, 
appear to me e into the contour of the mountain when 

high above the main range of the Cascades 12 miles to 
the east. The upper and more conspicuous half is 
clothed with an eternal mantle of snow, while a score of 
glaciers extend for several miles farther down the deep 
valleys. En route to the sea, a fraction of the power of 
its never-failing streams has been captured and trans- 
formed to illuminate towns and cities and.turn the wheels . One marvels at the rushing torrents of 
water, Of industry an wonders what may be the quantity of snow 
and rain this great and unshielded mountain takes from 
the passing mnds each year. It is a subject worthy of 
extended observations and study. . 

A daily record of snowfall was made during most of 
the season 1916-17 at Pardise  Inn on the south slope, 
of Mount Rainier at an elevution of 5,500 feet. Although 

of the Cascades, rises to a height of 14,408 feet in near P; 

viewed from 3 t e Sound, and the mountain itself towen 


